ABSTRACT Optical mapping using voltage-sensitive fluorescent dyes has become a major tool for studying excitation propagation in the heart. Computational and experimental studies have indicated that the optical upstroke morphology reflects the orientation of the subsurface excitation front. In a recent whole heart computational study performed by Bishop et al. 
Optical mapping utilizing voltage-sensitive fluorescent dyes has become a major tool for studying excitation propagation in the heart. While optical mapping is used primarily for surface recordings, it has been shown, both theoretically and experimentally, that subsurface layers contribute to the optical signals (1) (2) (3) (4) (5) (6) (7) . These findings have generated a significant interest toward quantification of the subsurface contributions and their implications for the interpretation of optical mapping recordings and they led to the development of hybrid electrical-optical models (8, 9) . The main feature of hybrid models is that they combine the detailed ionic models of electrical propagation with the light transport models in myocardial tissue. Hybrid models have successfully explained the significant prolongation of the optical upstroke that has been observed experimentally in thick ventricular wall preparations (10, 11) but also led to a quite unexpected prediction. According to such models, the shape of the optical action potential reflects the subsurface front orientation (9, 11) . Specifically, excitation fronts moving toward the recording surface produce optical upstrokes with their maximal slope near the peak of the optical action potential. In contrast, wave fronts moving away from the surface produce optical upstrokes whose maximal slope occurs at low signal values and thus the rate of rise slows down as the signal increases. Recent experimental studies designed to test this hypothesis are in excellent agreement with theoretical predictions (11) . But how universal are these results?
In the April issue of the Biophysical Journal, Bishop et al. (12) report new findings that appear to contradict earlier reports. The authors present a computational example in which the upstroke shapes were similar despite significant differences in the direction of propagation of the excitation wave. Does this finding really mean that the shape of the optical upstroke does not always correctly predict the subsurface front orientation? Not necessarily. The key to resolving this controversy is the fact that the shape of the optical upstroke is determined not so much by the direction of the wave front propagation as by the orientation of the excitation front with respect to the surface. Fig. 1 , A and B, show schematically two propagation patterns with significantly different directions of propagation that nevertheless produce very similar optical upstrokes. In Fig. 1 A, the wave propagates transmurally from the endocardium toward epicardium, while in Fig. 1 B, propagation occurs parallel to the surface. In both cases there is a surface point at which the front has a similar orientation in the subsurface layers. The optical upstrokes recorded in Fig. 1 , A and B, should therefore be very similar.
We believe that these two cases provide a plausible explanation of the phenomenon described by Bishop et al. Indeed, due to the complex geometry of their model, even a uniform stimulation of the entire endocardium can be expected to yield a significant variation in the surface wave front orientations. This scenario is similar to the one depicted in Fig. 1 A. In the case of apical stimulation, the rotating fiber orientation leads to a complicated intramural excitation pattern (13) , in which the average subsurface angle u of the wave front can deviate substantially from 90°(see Fig. 1 B) and in some locations be similar to those produced by endocardial stimulation.
Future studies of the above-mentioned paradox with detailed analyses of the wave front orientation will be highly beneficial and will lead to a better understanding of the factors affecting the shape of the optical action potential in thick ventricular tissue, as well as of the relationship between the optical upstroke and subsurface wave front orientation. 
